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The experiments described in this article form a part of
a course in experimental education which has now been in
operation for several years in connection with the classes in
educational psychology at the University of Wisconsin. The
writer has attempted to develop a course of experiments for
students of education of the sort so well prepared for the
general student of psychology in the manuals of Judd and
Seashore. Some of the experiments in learning are pre-
sented here in the hope that they may be suggestive of the
kind of experiments which may be developed where there is
little or no opportunity for laboratory work. Even with a
fairly well equipped psychological laboratory at one's dis-
posal, it is not always feasible to conduct a course of labora-
tory exercises of the usual sort. The time allotted to the
subject in the curriculum may not be sufficient to allow for
the acquirement of the technique required in handling more
or less elaborate apparatus, and even where there is time,
it is often questionable whether in the introductory course the
results are commensurate with the efforts demanded. On
the other hand, few teachers will deny the advantages of
some sort of experimenting on the part of the elementary
student, and where there are no laboratory facilities experi-
ments of the general kind here described will, it is the writer's
opinion, justify themselves. Where laboratory facilities are
at hand the equipment is seldom sufficient to admit of indi-
vidual experimentation on the part of the large classes usually
found in the introductory courses. If apparatus is employed,
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it must be of simple design and arrangement, so that it may
be easily duplicated, and also that the student may work
without much direct supervision.

The above statement is not presented as an apology for
the simplicity of the experiments outlined below, but as an
indication of the conditions which are usually met with by
those who desire to give some opportunity for experimental
work in the introductory course, and which make desirable
some such experiments as are here described.

Seals 3' in-1 ft

Figure 1.
1. The Trial and Error Method of Learning.1

In connection with the close discussion of the various meth-
1This experiment was first made use of by the writer in 1905, and had, as

far as the writer was aware, not been described. It has since been employed
by Judd, Manual of Laboratory experiments, and Burt, British Journal of Psy-

•chology, December, 1909, and possibly elsewhere.
For an interesting practice experiment with this apparatus see an article by

Starch in the Psychological Bulletin, 1910.
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ods of learning, such as the so-called "trial and error." imita-
tion and reasoning, some experimental work is of distinct
advantage. Actual demonstration of the results, if not of
the processes of animal learning, such as might be done with
the white rats and maze, might be more convincing than the
direct experiment of the student, but this is seldom possible.

Figure 2.

There is, on the other hand, some advantage in an experi-
ment which will indicate that the trial and error method is
in certain conditions regularly employed, even in adult human
learning. The student is apt to get the impression from the
usual discussion that trial and error, as a method of learning,
is confined in its use to animals and children.
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In the experiment suggested the subject is directed to trace
out the figure of a star by means of its image as seen in a
mirror. The figure itself and the hand and arm employed
are concealed from direct view by means of a simple screen
as shown in Fig. 1, and all visual guidance is seeured solely
from the reflection in the upright mirror. In such a test

Figure 3.

as this, there is disturbance of the usual relation of visual
and motor factors, which has to be adjusted. To one famil-
iar with the principles of the mirror,—and theoretically we
all are—the problem is one which might very well be rea-
soned out. It should, perhaps, present no greater difficulties
than some of the tests for reasoning applied to animals, and
is at any rate as much within our field of experience as some



EXPEBIMENTS IN LEAENING 377

of the latter testf are within the animal's range. The natural
reaction is, however, not to reason much about it, but to make
actual trial of it from the start. Typical results of such a trial
are indicated in Figs. 2 and 3. The subject is directed to keep
to the line, and, if he gets off, to return to it as quickly as
possible. The star is printed at such an angle that no lines
are exactly parallel or perpendicular to the base line of the
mirror. The chief difficulty is experienced on the slanting
lines. After several trials most subjects learn to trace the
figure with but few errors. As an indication that this im-
provement on the basis of a trial and error procedure has
not necessarily resulted in any more general acquaintance
with the real difficulty involved, Fig. 4 may be substituted
for the star and the subject asked to place his pencil point
at the dot in the center of the figure, and draw without hesi-
tation and with but a single rapid movement toward the
numeral designated by the operator.

Figure 4.
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As a further modification, the first trial of the test may be
made with the left hand. Let one-half of a star he traced
with the left hand and then after practicing with the right
hand until considerable improvement in time and accuracy
has been noted the remaining half of the first star may be
traced by the left hand, and the improvement over the first
trial noted. This furnishes a test of the "transference from
right to left hand." Some indication of how much of this
is due to the mere repetition of the second trial and how
much to other factors may be secured by having one-half of
the class make only the left hand tests without the practice
with the right, and using this result as a check upon the data
of the other half of the class.

II. The Practice Experiment.

The chief difficulty in adapting experiments in learning to
an experimental course is that it takes time to learn any-
thing worth while and still furnish opportunity to follow
carefully the rate of progress and to analyze the various
factors which enter into the process. If, for example, we
were to repeat the typical practice experiment in the rate
of learning, that of learning to typewrite, to write short-
hand, or to make a definite improvement in some sort of
memory work, a lengthy practice extending over weeks and
months must be made. This, of course, is quite out of the
question in the ordinary laboratory course..

The following experiment has the advantage of paralleling
the methods of learning employed in the studies of Bryan
and Harter; Swift, Book and others, and of giving results
which are similar. When the results are plotted 5n the
usual way they may be compared by the s*tudent directly
with those of these more elaborate studies. Such features
as the daily variation of practice gains, the initial rise and
the plateaus - in the learning curve will be well illustrated
by at least some of the records obtained by the class. Indi-
vidual differences, of course, appear here as elsewhere, when
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accompanied by the introspections which are required. Ex-
planations may be found for some of these individual factors.

For conducting the test half a dozen or more blanks like
that reproduced in part in Fig. 5 2 and containing on the
left hand margin several pages of connected prose is given to
the student with a set of carefully prepared directions. The
test, as may be readily seen by reference to Fig. 5, consists
in spelling out the words on the left hand margin by sub-
stituting for each letter the numbers found associated with
the particular letters in the circles of the keyboard at the
top of the blank. The numbers are placed in the little square
to the right of each line, one number being substituted for
each letter that appears on the corresponding line. The stu-
dents are directed to j)ractice a definite time,—five or ten
minutes each day, at a given hour, in making these substi-
tutions. The purpose of the test being to make as many
substitutions as possible in the allotted time without error,
it being distinctly desirable to have but one measure of prog-
ress, namely, the time taken uncomplicated by an error curve.
The results of the practice are plotted daily, as the knowl-
edge of the results serves as some incentive to effort. As a
further incentive to maximum effort, there is a certain amount
of rivalry which usually develops in the class as the experi-
ment progresses. The initial and at least one test towards
the end of the practice may advantageously be made in
class; the rest of the practice may be done out of class hours.
On each day before making the test the subject is asked to-
record whether or not he expects to make improvement over
the previous record. This furnishes some indication of the-
mental attitude in which the experiment is approached. In
addition, he is asked to record his physical and mental con-
dition, or any other factors which may influence the perform-
ance of the test. If, for example, there appears a period
of little or no progress lasting for several days* he has an

* This blank is a modification of on which the writer found in use in the-
Psychological Laboratory of the University of Wisconsin.
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opportunity of testing the validity of Swift's suggestion that
the etmui resulting from the monotony of practice is a caus-
ative factor. He is also asked to record the time at which
he finds he has through actual use learned the equivalents
of all the letters,—it being definitely understood that the sub-
stitutions are not to be memorized independently, but only
learned by employing them.
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In Fig. 6 there are reproduced several curves as plotted by
individual students.

Before beginning practice an illustrative experiment of the
general effects of special practice may be introduced by test-
ing in somewhat closely or more distinctly related activities,
as the rate of tapping, of crossing out A's from a printed
page, or of such a test as is shown in Fig. 7. The latter test

Composite of gains in tests once a 4ay.

B Corapoeite of gains in tests twioe a flay.

Figure 8.

is of interest, as it frequently gives evidence of some inter-
ference with the ability to do it when repeated after the
practice on Fig. 5. The interference is developed as a result
of the latter practice, and may be used to illustrate the so-
called "negative practice" of Judd. If there is a gain, it is
seldom equal to that which the subjects expect will result.

For a complete experiment check tests may be made, for
example, on another class to determine the average gain that
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may result from a second trial after an interval correspond-
ing to that in which the practice was carried on in the first
class, but in the case of the second class giving no practice.

If the class is large enough, variations may be introduced
into the experiment. The class may be divided into two parts,
one division doing the practice at frequent intervals of from
four to six hours a day, the other division performing it but
once a day. The influence of the interval of time upon the
rate of progress in learning may then be demonstrated if the
intervals are made sufficiently different.

Such a comparison is shown in Fig. 8, one section (A),
in this case, practicing at intervals of 24 hours, and the other
(B) at intervals of 12 hours. Section A completed the tests
in 15 days of daily practice; section (B) in 18 days of prac-
tice with two trials a day at about 12 hours apart. The
graph shows the average daily gain of the two sections. In
this case the daily intervals are productive of a higher rate of
progress.

III. Practice Experiment in Memory.
Instead of making use of the traditional nonsense sylla-

bles or other meaningless material, results more significant
in their educational application may be secured by the use
of lists of vocabulary containing words whose meanings are
not known to the subjects. Lists of carefully prepared phrases
or sentences, because of their content and meaning, furnish
still better material, and give opportunity for greater im-
provement than lists of isolated words. For students of
foreign languages the test imposes no particular hardship;
in fact, it generally gives the pupil a new conception of the
possibilities of memory efficiency. Memory for all sorts of
material is capable of marked improvement in the case of
practically all except those who are already considerably prac-
ticed. It is a good deal more economical to commit to memory
after a relatively high level of practice efficiency has been
reached than to do the work at the low level which the un-
practiced memory represents. It is usually a surprise to the
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pupil to discover how much improvement is possible when he
sets himself to the task as a definite experiment.

In the case of the first six subjects listed in Table I the
English meanings of from 30 to 50 unfamiliar words of
either German or French vocabulary were comitted to memory-
daily. The object was to note the minimum time necessary
to learn to recall the English equivalent at the sight of the
German or French word. No attempt was made in this part

Improvement by Practice in the Ability to Memorize German and
French Vocabularies and English Poetry and Prose.

1-6—Practice in Learning French or German Vocabulary. 7-12—In Learning Poetry
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of the experiment to guarantee the permanence of the mem-
ory work. The experiment usually lasted about twenty days.
The time of the first and the lowest record, the gain in min-
utes and in percentages, the total number of words learned
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and the total time expended are indicated in the various col-
umns of the table. Subject 1, for example, learned fifty
French words daily for twenty-one days, beginning with
thirty minutes at the start and reducing the time necessary
by practice to thirteen minutes, making a gain of seventeen
minutes, or 57%>, on the basis of the initial time. As a result
of the practice over one thousand new words were learned,
at least for the time being, in less than six and one-half hours.
The ordinary vocabulary with the exception of paradyms
and declensions, usually learned in a semester's work in uni-
versity classes is, I am told, less than half of this. The ques-
tion of the permanence of such learning is one which natu-
rally at once arises. This point may be tested by relearning
after a lapse of a few weeks or more the lists which were
learned early in the practice and those learned late and most
easily, and comparing the results as regards permanence. This
point is too complex to admit of full discussion in this paper;
it may be sufficient to add that careful experiments have in-
dicated that while it takes relatively somewhat more time to
relearn those which were learned with the least time, the abso-
lute time does not differ much. As a result of the relearning,
both sets of words are again in mind at a less expenditure in
the total of time for those which are well learned when the
practice efficiency is at its highest.

It is not intended in this article to discuss the pedagogi-
cal significance of such an experiment as this, except as it
serves as an illustration of the value of the practice experi-
ment itself. It is interesting, however, to note that at the
present time we are seeing in *he classics, at least, the pub-
lication and use of lists of vocabulary of the various authors
read in an effort to replace the wasteful practice of thumbing
dictionaries. As stated above, lists of short sentences con-
taining the necessary vocabulary would make easier memory
material; but the lists, as they stand, furnish excellent oppor-
tunity for testing the merits of learning them as definite prac-
tice experiments where the powerful, if elementary, incen
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lives which come from concentrated effort at improvement
may be brought into service. Such use of the practice ex-
periment in language work has the further advantage: that,
as students in their reading and translation come across the
words which have been memorized, this use of translation of
them serves much the same purpose as relearning would do.
It has been demonstrated in the experiments referred to above
that this is a most economical method of learning. Words
which, as the result of practice, are learned in a minimum
of time may be relearned in about the same time as those
which, because they were learned at a low level of practice
efficiency, took a relatively long time for memorization. After
relearning, both lists of words are at least for the time being
equally well before the mind, and a second and third relearn-
ing after long intervals of time,—when that is necessary—
still leaves a very considerable margin of saving in time and
effort in favor of those words which have been learned at a
relatively high level of practice efficiency.

IV. Transference of Practice.
Further tests on the general influence of special practice

of the sort indicated in the preceding experiments may also
be made in memory and by repeating the usual experiment
as first employed by James.' Before beginning the practice
with vocabularies or other matter—whieh is usually spoken
of as the practice series—the student may commit to memory
a limited amount of other sorts of material and by learning
a similar set after the end of the vocabulary practice—this
is the test series—may note the effect of the practice on the
latter. These results should be checked by having another
class or a part of the same class learn the test material at
the same intervals of time, but without doing the practice
series. It may thus be at least roughly determined how
much of the improvement is due to the test series itself and
how much to the practice. The failure to do this gives a
basis for very serious criticism of the recent work of Ebert
and Meumann on this subject.
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The results of such an experiment in the transference of
practice are shown on the right of Table I. The results of the
"check" experiment are not given.

These experiments give, the student a much better concep-
tion of what is meant by practice and the general influence
of special practice than a considerable amount of description
of the experiments of others, and will usually be found by stu-
dents and instructor to be worth the extra expenditure of time
which is necessary for their satisfactory completion.


